Nadiad, Gujarat, India, from January 2001 to December 2017. All the patients were admitted and treated in the same hospital. The acute infections involved the following fascial spaces: peritonsillar space, canine space, buccal space, masseteric space, sublingual space/submandibular space (Ludwig's angina), parapharyngeal space, retropharyngeal space, and pretracheal and prelaryngeal spaces.
There were 654 (63.24%) males and 380 (36.76%) females with age ranging from 21 days to 96 years having the mean age of 31.4 years. Postclinical examination in patients suspected to have deep neck space infection, radiological investigations were done in the form of ultrasonography (USG) or computerized tomography (CT) scan in case where the location and extent were not definite or to differentiate between cellulitis and abscess formation when there was doubt, especially in case of Ludwig's angina. Most of the deep abscesses -retropharyngeal and parapharyngeal abscesses were subject to radiological investigation in the form of a contrast CT scan, while the rest of them were either diagnosed clinically or using USG to confirm the extent, relationship with the neurovascular bundles and to decide the treatment plan. USG was performed on the patients using SAMSUNG RS 80 (South Korea) [ Figure 1 ]. CT was performed on the patients in the supine position using PHILLIPS MX 16 CT SCAN (The Netherlands) [ Figure 2 ]. Odontogenic infection as a cause was found in almost 78.43% of abscesses, foreign body in 0.58% of the cases, and infected tonsil in 10.15% of the cases. In the remaining cases, the abscesses could not be attributed to any particular cause. All the patients were monitored for possible threatening of airway obstruction, septicemia, and antibiotic therapy was started immediately without waiting for the culture and sensitivity. As these infections are of polymicrobial nature, combination therapy of broad-spectrum antibiotics is recommended for maximal antibiotic effect. Treatment was given in the form of incision and drainage of the abscesses (83.69%), and systemic antibiotics (100%) in the form of ceftriaxone + sulbactam (300 mg/kg body weight) and lincomycin (12 mg/kg body weight) were given intravenously (IV) 12 hourly for at least 3 days, followed by the same antibiotics given orally at least for 10 days. Spectrum sensitivity report normally takes around 4-5 days in the rural setup that we work in, and so we cannot wait for the same to initiate treatment. However, on retrospectively analyzing the spectrum sensitivity reports of our patients, 95% of our patients were sensitive to both the antibiotics used by us mentioned above, and 99% of the patients were sensitive to at least one of those antibiotics. Only seven cases in our study were resistant to both the antibiotics started by us. The causative organism in these cases was methicillin-resistant Staphylococcus aureus, which was sensitive to linezolid (a synthetic antibiotic of oxazolidinone class) and the same was started in the dose of 20 mg/kg/day in two divided doses. Supportive therapy, such as IV fluids, analgesics, and mouthwash, was given. Most patients presented with symptoms of pain, fever, dysphagia, and swelling. Some patients, however, also presented with symptoms such as trismus (10.44%), respiratory distress (0.34%), and change in voice (0.19%). Routine blood investigations done in all cases were hemogram, serum glutamate pyruvate transaminase, random blood sugar, serum creatinine, serum HIV, and hepatitis B surface antigen. Patients were followed up for at least 3-month postoperatively.
Results

Incidence of different fascial space infections of the neck
There were 654 male (63.25%) and 380 female (36.75%) in the study involving various spaces. The incidence of various types of space infections in 1034 patients is given in Figure 3 .
Of the 1034 patients, 538 (52%) patients had submandibular and sublingual space infection (Ludwig's angina). The second most common space infection was parapharyngeal space infection which affected about 227 (22%) patients. This was then followed by peritonsillar infection affecting 114 (11%) patients. Various other fascial spaces involved were buccal and canine space infection affecting 104 (10%) patients; retropharyngeal space infection affecting 41 (4%) patients and paratracheal, pretracheal, and prelaryngeal space infections affecting 10 (1%) patients.
Average age of presentation
The mean age of the patients in this study was 31.4 years. The average age of patients having submandibular or sublingual space infection was 33 years. Similarly, the average age of patients affected by parapharyngeal space infection was 34 years, peritonsillar space infection was 32 years, and buccal and canine space infection was 45 years. The average age of patients affected by retropharyngeal space infection was 43 years, while that of pretracheal, para-tracheal, and prelaryngeal space infection was 39 years.
Common complaints
Pain was the most common presenting symptom and was found in all the patients in our study. Swelling, fever, trismus, and odynophagia were other common presenting symptoms. Respiratory distress was found in 1 (10%) patient of pre-/paratracheal infection, 2 (4.87%) patients of retropharyngeal space infection, and 1 (0.18%) patient of submandibular space infection. Change in voice was only noted in 2 (20%) cases of pre-/paratracheal space infection. Detailed format is given in Figure 4 .
Etiology
In general, 78.43% of all the space infections of the neck had odontogenic origin. In submandibular space infection, odontogenic origin made up to 495 (92%) cases as the etiological cause, followed by sialadenitis in 2 (0.37%) cases. Peritonsillar space infection occurred mostly due to the tonsillar etiology in 85 (74.56%) cases, followed by odontogenic cause in 14 (12.28%) cases and foreign body involvement in 2 (1.75%) cases. Parapharyngeal space infection occurred mostly due to odontogenic cause in 180 (79.29%) cases, followed by tonsillar infection in 18 (7.92%) cases. Chief etiology for canine + buccal space infection in our study was of the odontogenic origin found in 89 (85.57%) patients. The main etiological factor for retropharyngeal space infection in our study was odontogenic infection, which was seen in 33 (80.48%) cases, followed by foreign body involvement in 2 (4.87%) cases. One such case is given in Figure 5a . Postoperative photographs are shown in Figure 5b and c. The causative factor for pre-/paratracheal + prelaryngeal infection was trauma, foreign body involvement, and thyroiditis in 2 (20%), 2 (20%), and 2 (20%) patients, respectively. In rest of the cases, no particular etiological factor could be attributed.
Comorbid conditions
In our study, the most common comorbid condition found was diabetes and HIV. Diabetes was found in 98 (9.47%) patients, while HIV was present in 10 (0.96%) patients.
Treatment given
Only 13 (11%) patients of peritonsillar space infection and 102 (19%) patients of submandibular space infection were treated by antibiotics alone. These 115 (11.12%) patients were treated with the combination of ceftriaxone + sulbactam and lincomycin along with supportive therapy as mentioned previously. Rest all the patients were treated by a combined approach of surgery in the form of incision and drainage and injectable broad-spectrum antibiotics as mentioned previously.
Other interventions required
Other interventions such as foreign body removal were carried out in one patient (0.87%) of peritonsillar space infection and two patients (4.87%) of retropharyngeal space infection. In cases where airway was compromised, tracheostomy was performed. It was performed in 1 (0.18%) patient of submandibular space infection, 1 (1%) patient of pre-/paratracheal space infection, and 2 (4.87%) patients of retropharyngeal space infection. The overall mortality rate was 0.1%. Revision surgery (incision and drainage) was required in 12 (1.16%) patients. All the patients had odontogenic infection as an etiological cause and had not undergone treatment for same post the first surgery.
Average length of stay in the hospital
Patients with deeper infections such as retropharyngeal and pre-/paratracheal and prelaryngeal fascial infections on an average take 7.5 and 8.4 days of hospital admission, respectively, which tells about the severity of the infection. Patients having parapharyngeal and submandibular space infection have an average hospital stay of 3.4 and 3.6 days, respectively, while that of peritonsillar and buccal/canine space infection have an average stay of 1.2 and 2.2 days, respectively.
Thus, deeper fascial neck infections such as retropharyngeal, pretracheal, paratracheal, and prelaryngeal space infections have a higher hospital stay requiring continuous in-hospital patient administration due to the increased severity of the infection. Patients with submandibular and parapharyngeal space infection have a lesser stay in the hospital as compared to the patients having retropharyngeal and pretracheal space infection explaining the better management and lesser comparative morbidity.
Complications
We had one mortality in the entire series (0.1%), and it was a patient of retropharyngeal abscess and the cause of death was mediastinitis. Revision surgery was required in 12 (1.16%) patients and most of these patients (0.58%) were of canine/ buccal space infection as postprimary drainage of the abscess, they did not undergo treatment for their odontogenic infection. Recurrent laryngeal nerve palsy was noted in 1 (0.1%) patient who was having paratracheal abscess.
dIscussIon
Submandibular space/sublingual space infection (Ludwig's angina) was the most commonly affected space in our study, followed by the parapharyngeal and peritonsillar space infection. In 52% of our patients, submandibular space/sublingual space was affected, while 22% of the patients had parapharyngeal space infection and in 11% of patients, the peritonsillar space infection was present. Probably, as odontogenic infection was the most common contributing factor (78.43%) for the fascial space infections in our study, the submandibular and sublingual spaces which are the ones in most proximity to the mandibular teeth were affected. For all the cases of space infection involving various spaces, broad-spectrum empirical antibiotic therapy should be started as soon as possible in all the patients, as early aggressive management prevents life-threatening complications such as descending mediastinitis, septic shock, upper airway obstruction, jugular vein thrombosis, cavernous septic embolus, carotid artery rupture, aorticopulmonary fistula, acute renal failure, and disseminated intravascular coagulation. [3, 4] Many other space infection then get involved after the spread from submandibular space. Our findings were similar to many other studies found in the literature where too the submandibular/sublingual space was most commonly affected. [5, 6] The organisms most commonly isolated in our study were the ones which are usually found in the oral cavity and oropharynx. Mixed organisms having aerobic and anaerobic activity were found. Data for only 796 patients (76.98%) are available having positives cultures. The negative cultures may be due to the prior antibiotic therapy which would make it sterile. The number of culture reports which showed no organisms was 238 (23.02%). Various organisms had been isolated from the patients with the space infections. The culture was positive for 205 cases of Streptococcus viridans sp. (19.82%) and 193 cases of S. aureus (18.66%) which was also similar to those found in other studies. [1, [7] [8] [9] [10] Rest of the details are given in Table 1 .
In our study, there were 98 (9.48%) diabetic patients and 10 (0.96%) HIV patients; 29 patients among them were having the blood glucose under control by diet and exercise, and 51 patients were on oral medication for the same while the rest 18 patients were made stable using insulin. Ten patients (0.96%) were HIV affected for which antiretroviral therapy was started. The blood glucose control was done in the diabetic patients along with the initiation of the treatment. In the studies by Huang et al. [11] and Gujrathi et al., [10] again diabetes was found to be the most common comorbid condition. Comparison of various studies and the present study is given in Figure 6 .
The three important keys to successful management of any deep neck infections are: (1) protection and control of airway, (2) antibiotic therapy, and (3) surgical drainage.
As per Levitt's thinking, "antibiotics are not a substitute for surgery, they should be used in conjunction with proper surgical drainage." [12] The empirical therapy to be started should focus on those organisms which are isolated commonly in the oral cavity such as Streptococcus species and S. aureus. Improvement on Gram-negative coverage should be taken into consideration in debilitated or immunocompromised patients. The duration of antibiotic culture should be decided on the patient's general condition such as healthy granulation, presence of slough, induration, decreasing of signs, and symptoms.
About 83.69% of the patients underwent surgical intervention along with antibiotic support, while in 11.12% of cases, only antibiotic administration sufficed which is almost the same as compared to the study by Sethi and Stanley. [13] Deep neck infection still at a cellulitis stage can be treated by antibiotics itself. [3] Surgical drainage should be established when the cellulitis stage is transformed in the abscess stage. However, in the absence of abscess stage, incision, and drainage is performed in those who deteriorate clinically or fail to improve after 2 days of initiation of the antibiotic therapy. [14] Management of airway is most essential and challenging in treating patients with deep neck infections. [10] Har-El et al. [15] reported that the need for tracheotomy was common in retropharyngeal and submandibular abscesses. Whenever a patient of deep neck space infection presents with difficulty in breathing, tracheostomy becomes the gold standard and the first line of treatment to secure the airway and save the life of the patient. [16] Intubation is not preferred because of the extensive edema in the laryngopharynx and the risk of the abscess opening internally leading to aspiration when intubation is attempted. In our study also, tracheostomy was required in 0.38% cases of deep neck infections which is not consistent with the study by Kataria et al. [14] and Eftekharian et al. [17] In our study, we treated 13 patients (11%) of peritonsillar space infection and 102 patients (19%) of submandibular space infection using antibiotics only. Significant number of these infections was not frank abscess but was cellulitis which may respond conservatively to the broad-spectrum antibiotic therapy only without the need of surgical intervention. Thus, 115 patients (11.12%) in our study were treated only using antibiotics. Surgical intervention was done in 83.69% of cases in our study, which was consistent with the studies by Mumtaz et al., [18] Eftekharian et al., [17] and Har-El et al. [15] with surgical intervention required in approximately 78%, 79%, and 90% of the cases, respectively.
The odontogenic infection was found to be the most common cause (78.43% of cases) in our present study for deep neck infections which is consistent with the study by Tschiassny [19] which had 70% of cases. Thus, treatment is not complete unless the etiological cause for the infection is removed. If incision and drainage is done without removing the cause, recurrence of the infection develops and a second surgery is required. In our study, 12 patients (1.16%) required revision surgery in the form of incision and drainage again along with the removal of the odontogenic cause.
conclusIon
According to our study, it could be concluded that the most common infection among the deep neck infections is the submandibular/sublingual space infection seen in 538 (52%) cases. The most common cause for the deep neck infections was odontogenic infection found in 811 cases making up to 78.43% of the total population.
If the etiologic cause is not removed primarily, high chances are present for the infection to recur. In our study, out of 44 cases wherein the etiologic cause (odontogenic) was not treated, 12 (27.27%) cases developed recurrence and revision surgery (incision and drainage) was required. The most common organisms isolated from the sites of infection were S. viridans sp. found in 205 (19.82%) cases and S. aureus found in 193 (18.66%) cases. The most common comorbid conditions were found to be diabetes, which was found in 98 (9.47%) cases and HIV which was found in 10 (0.96%) patients.
Retropharyngeal space infection is considered to be the most dreaded condition with high morbidity and mortality rates due to the space extending to the superior mediastinum, thus being a greater risk to the airway as well as complications such as mediastinitis. The only mortality that occurred in our study was of the patient having retropharyngeal space infection. Tracheostomy was required in two patients of the 41 patients (4.87%) of retropharyngeal infection indicating that of all the fascial spaces affected, it is associated with maximum morbidity and mortality.
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